Summary We present the cytogenetic investigations of five histiocytic tumour lesions from children. In four cases there was a confirmed diagnosis of Langerhans cell histiocytosis (LCH) and one case of histiocytosis that did not fulfil all the criteria for true LCH. All five cases showed cytogenetic abnormalities, including the first report of an abnormal clone in LCH. The clone showed a t(7;12)(qll .2;p13) translocation and was detected in only a small percentage of cells. This case and a further three also contained non-clonal abnormalities and an increase in chromosome breakage. The fifth case, the only one in which no acquired abnormalities were seen, had a constitutional paracentric inversion of chromosome 1 3q.
Langerhans cell histiocytosis (LCH) is a histiocytic proliferative disorder, formally called histiocytosis X by Lichtenstein in 1953 to integrate eosinophilic granuloma, Hand-Schuller-Christian disease, and Letterer-Siwe disease under a single nosologic entity. The aetiology and pathogenesis of the disease are still poorly understood. However, the criteria for the diagnosis and clinical classification of LCH has now been clearly defined by the Writing Group of the Histiocyte Society (1987) . The disease has a clinical heterogeneity ranging from a potentially lethal leukaemia-like disorder, which primarily affects infants, to solitary lytic bone lesions. The intermediate forms of the disease are characterized by skin and bone lesions, varying forms of organ dysfunction, diabetes insipidus and a chronic indolent course. In all forms of LCH, the histopathological lesions are typically similar and are characterized by CDla antigen positive histiocytes and the presence of Birbeck granules. Positive immunohistochemical staining for the S100 protein is frequent. It has been stated recently that despite a good survival rate, many LCH patients will have either further disease dissemination or late sequelae (Willis et al, 1996) .
It was reported by Greenberger et al (1981) that in long-term survivors there was a 5% incidence of malignancy. It has been suggested that there is an association between LCH and an increased frequency of malignancy occurring (Egeler et al, 1993 ). This includes a high incidence of leukaemia that follows two distinct patterns (Egeler et al, 1994) : acute lymphoblastic leukaemia tending to precede LCH, whereas acute myeloid leukaemia (AML) follows. The occurrence of AML may in some part be related to the treatment of LCH with VP16. However, in the study of Gadner et al (1994) with a cohort of 106 patients, no second malignancies were found within a follow-up of 4-8 years.
It has long been considered that LCH is a reactive disorder of immune regulation rather than a neoplastic process. However, this idea has been challenged recently by the demonstration that LCH is a clonal disease (Yu et al, 1994; Willman et al, 1994) .
Nonetheless, there is still a lack of other evidence to support a neoplastic process. One further proof for clonality would be the evidence of T-cell rearrangements, but none were found by Yu and Chu (1995) . Tumours are typically characterized by cytogenetic abnormalities and, in many instances, DNA aneuploidy. To date, only a small number of LCH lesions have been described with an abnormal DNA index (Rabkin et al, 1988; Ornvold et al, 1990) , and it has been stated that there is typically a failure to obtain metaphases and to detect karyotypic abnormalities in lesional cells (Willman, 1994) .
We present five cases of histiocytosis in which karyotypic analysis revealed either an abnormal clone, non-clonal abnormalities or a constitutional abnormality.
PATIENTS AND METHODS
The five children represent a consecutive series of patients with a histiocytosis, in which material was provided for cytogenetic analysis from different hospitals. All cases were analysed at diagnosis, with the exception of case 2, which was investigated 1 year after diagnosis. Microscopic evaluation of the lesion was clearly compatible with a LCH (class I histiocytosis) in four out of five cases. The fifth case had a clinical presentation typical for LCH but did not fulfil all the histological criteria.
Patient 1, a 2 and 3/12-year-old boy who presented with a softtissue tumour (4 x 4 cm) on the left frontotemporal side of his head. A magnetic resonance imaging (MRI) scan revealed bony destruction under the tumour mass. The tumour was grossly resected and histology showed a typical eosinophilic granuloma. Immunohistochemistry was positive for CDla antigen and S100 protein.
Further investigations revealed no additional bony or other organ lesions. The boy remains well 27 months after diagnosis. der (11)add (11) showed an eosinophilic granuloma with CDla antigen-positive and S100 protein-positive cells. Chemotherapy was introduced according to the international LCH II protocol and the patient achieved remission.
Patient 4 was diagnosed as LCH at the age of 9 years with a lytic lesion in his femur. After the biopsy the patient achieved a spontaneous remission. Histology showed a dense granulation tissue with eosinophilic granulocytes. The typical histiocytic elements revealed positivity for the immunohistochemical staining of the CDla antigen and S100 protein.
Patient 5, a phenotypically normal boy who was born one week late after an uneventful pregnancy to unrelated parents. There was no reported family history of tumours. At the age of 5 months he developed a tumour on his frontal cranium, growing from the scalp to the meningeal membrane. The histology of the biopsy showed an eosinophilic granuloma but immunohistochemistry did not show CDla antigen-positive cells or S100 protein positivity. A histiocytosis could be diagnosed but the biopsy did not fulfil the criteria for a true LCH. A juvenile xanthogranuloma (class II histiocytosis) could be the differential diagnosis. Owing to continued tumour growth after resection, treatment according to the international LCH II protocol was commenced.
Infiltrated tissue from all five cases was mechanically dissociated with scalpels to create material suitable for short-and longterm cultures. The cells were cultured in Nut.Mix FIO with Glutamax 1 (Gibco, Paisley, UK), supplemented with 15% fetal bovine serum and 1% penicillin-streptomycin. The short term cultures were harvested 16-72 h after induction of the culture. The seeded cultures were regularly monitored and the medium changed every three days, until sufficient growth was observed to facilitate cytogenetic analysis. The adherent cells were removed by trypsin/EDTA before harvesting according to recognized methods. Slides were made from fixed cell suspensions and, following ageing, were trypsin G-banded and Giemsa stained. The bone marrow samples from cases 2 and 5 and the phytohaemagglutinin (PHA)-stimulated peripheral blood investigation of case 5 and his parents were cultured by recognized methods. Cytogenetic analysis and interpretation was made according to ISCN 1995. To establish if further evidence was present to indicate instability, analysis was performed on the banded preparations of cases 1-3 looking for spontaneous chromosomal breakage. The morphology of chromosomes in cases 4 and 5 was too poor to allow this analysis.
RESULTS
A cytogenetic result derived from the histiocytic lesion was possible in all five cases (see Table 1 ), with analysis possible from short-term cultures in cases 1 and 3. In four cases (1-4) non-clonal acquired abnormalities were observed (Figure 1 ) and in one case (3) a low level clone was also present. The abnormal metaphases were either diploid or hypodiploid and unbalanced. Case 5 was found to have an inversion of chromosome 13 in the biopsy and bone marrow samples, which was subsequently proved to be constitutional (Figure 2 ). The breakpoints of the inversion could be defined as 13q21.2 and q33.
The cytogenetic investigation of the parents demonstrated that the 13q inversion was maternally inherited. The father had a normal 46,XY male karyotype.
The chromosome breakage study of cases 1-3 (see Table 2 ), revealed a breakage level typically higher than that seen in like cultures from other patients with neoplasms. The breakage seen was usually small chromatid breaks and the only break seen on more than one occasion was at 2q31. The characterized breaks were then compared with known fragile sites to determine if any pattern existed. It was found that 47% of breaks were located at known group 1 common fragile sites, and no bands associated with other fragile site types were affected. The figure of 47% is higher than would be expected by chance at the 400-band level, although it must be considered that if sub-band determination was possible this figure is likely to be lower.
DISCUSSION
The description of chromosomal abnormalities in LCH is rare and is limited to case reports of patients with constitutional abnormalities (Orye et al, 1982; Frost and Wiersma, 1996) . We believe this is the first report that describes cytogenetic abnormalities in the LCH lesions. Four cases were found to have either clonal or non-clonal abnormalities in 2-18% of analysable metaphases. A fifth case had no detectable acquired abnormalities in the lesion but did have a Cytogenetic abnormalities in LCH 555 constitutional abnormality. This particular case, although a histiocytosis was diagnosed, did not fulfil all the criteria for the LCH subtype. The karyotypes of two cases (1 and 3) were obtained from a combination of short term and fast-growing long-term cultures (5-8 days), thereby increasing the likelihood that it was LCH cells that were analysed. It has been argued that LCH cells are difficult to cultivate, which would raise the question of whether it was, indeed, LCH cells that were analysed. This is clearly possible in cases 2 and 5 in which analysis was only possible from slowgrowing long-term cultures. However, if it were the case that LCH cells were not analysed, then clearly aberrant processes are occurring in the surrounding cells.
The patient (case 5) with the constitutional paracentric inversion of 1 3q is the second reported case with histiocytosis and an abnormality of 13q. The first case involved a deletion and was found in conjunction with retinoblastoma (Orye et al, 1982) . This may suggest the presence of a gene on chromosome 13q that is involved in histiocytic neoplasms. However, one must be careful with this assertion as to our knowledge no other case has been reported with a deletion of 13q and LCH.
It was recently demonstrated using X-inactivation studies, that LCH is a clonal disease rather than the previously suspected polyclonal disorder Yu et al, 1994) . This provides evidence that LCH may occur by a neoplastic process. Our finding of a karyotypic clone provides further evidence that LCH can be a neoplastic disorder. However, there are diseases that are disputably neoplastic in which clonal and non-clonal abnormalities have been described. These include Dupuytren's contracture of the palm of the hand and nasal polyps (Wurster-Hill et al, 1988; Vanni et al, 1996) . Perhaps more significantly, our findings are not dissimilar to those described in haemophagocytic lymphohistiocytosis (HLH) by Kaneko et al (1995) , who described clonal and nonclonal abnormalities in this subtype of histiocytic disease. This raises the possibility that the underlying mechanism of histiocytic diseases is the same or similar.
LCH appears to be characterized by karyotypic instability that may lead to the acquisition of an aberration that confers a competitive advantage resulting in clonal proliferation. However, what is still unclear is the stimulus that promotes the chromosomal instability, and whether it is genetic, viral, or another environmental factor. It may well be of interest to investigate how LCH cells respond to various DNA damage-inducing agents. There is no report of a familial predisposition to LCH, which lends support to the notion of an acquired abnormality, but does not exclude the possibility that the parents are rare heterozygote carriers of a specific recessive mutated gene.
There is clearly much work to be done in elucidating the cause of LCH. The findings above indicate one direction in which future research into this disease can concentrate.
